Background and Objectives: Supercritical fluid extraction (SFE) technique has been studied for extraction of bioactive compounds from Feijoa sellowiana leaves. Results were compared with those obtained from conventional ethanolic extraction (CE).
Introduction
Supercritical carbon dioxide extraction (SCE) is becoming popular as a practical and environmental friendly technique for bioactive compounds extraction from herbal sources. In recent years, possible applications of the SCE process which offers advantages over conventional extraction methods have been investigated by several researchers (1, 2) . Supercritical fluids contain both liquid-like and gas-like properties, and the dual effect of such fluids provide good conditions for targeted compounds extraction (3) . Supercritical carbon dioxide (SC-CO 2 ) is an alternative technique for the extraction of different valuable compounds from natural sources (4, 5) .
Carbon dioxide (CO 2 ) is a non-toxic, environmentally friendly solvent, which allows SFE at moderate temperature and pressure. The products obtained by SCE have good quality, and the yields are comparable with those by classic methods (6, 7) . Therefore, SCE may be considered as a promising technique in food technology. Over the last few years, numerous applications of SCE for the extraction of valuable compounds from different raw materials such as coriander seed (5) , Morus leaves (8) , guava leave (9) , green tea (10) , tomato (11) , spearmint leaves (12) , licorice plant root (13) , oilseeds (14) as well as grape seed oil (15) have been reported in the literature. Free radicals are unstable molecules with one or more unpaired electron in its outer shell. Cells may damage if a free radical reacts with cellular components (16) . Therefore, it is necessary to scavenge these unstable molecules to prevent their harmful effects. Plant extracts which are rich in bioactive compounds with strong radical scavenging activity can be a well-considered choice for the prevention of the harmful effects of free radicals on human health.
Feijoa (Feijoa sellowiana) is an evergreen tree belonging to Myrtaceae family and is indigenous to western highlands of Paraguay, southern Brazil, Uruguay and northern Argentina (17) . This plant entered the Mediterranean region in the late nineteenth century and also entered Islamic Republic of Iran in 1973 through the Republic of Azerbaijan. This shrub is just grown on the northern strip of Iran. The fruit of Feijoa contains a high value of vitamin C, fiber, minerals and calories and it could be considered as a good source of iodine. The leaves of F. sellowiana plant are waste materials without any utilization (18) (19) (20) . The recent growth in the knowledge of free radicals increase the consumer demand to replace controversial synthetic antioxidants which have shown adverse effects on human health (Bimakr et al., 2015) . In this regard, finding cheap and alternative sources of natural bioactive compounds to scavenge free radicals would be favorable. These valuable natural bioactive compounds can be consumed in food products to inhibit the lipid oxidation.
To the best of our knowledge no information has been reported on the SCE of valuable bioactive compounds from F. sellowiana leaves. Therefore, this study was performed to investigate the influences of some SCE process variables namely temperature, pressure and dynamic extraction time on crude extraction yield (CEY). The radical scavenging activity of extracts obtained under the best extraction conditions was determined regarding DPPH˙, OH˙, and ABTS˙+ free radicals. The major phenolic compounds were qualified and quantified using HPLC.
Furthermore, the results were compared with those obtained from ethanolic extraction method.
Materials and Methods
Raw material and reagents: Fresh leaves of F. sellowiana were harvested from a garden in Mazandaran, Iran. The leaves were washed and then dried at 40 °C to a final moisture content of 9 ± 0.88%. The samples were ground in grinder mill (Ginsong, Zhejiang, China) to produce a sample with a particle size of 0.80-1.00 mm. The following chemicals were used: Methanol and ethanol (analytical grade) were purchased from Merck, Germany. ABTS˙+, DPPH˙, and potassium persulphate were purchased from Sigma-Aldrich Chemie GmbH, Germany. All phenolic compound standards were purchased from Sigma-Aldrich Chemie GmbH, Germany. Carbone dioxide (SFE grade) was purchased from Ardestan company, Iran. Supercritical carbon dioxide extraction: The supercritical carbon dioxide flow rate, the pressure and temperature were measured by the equipment software, and the extraction time was adjusted by the stopwatch. 2 g of F. sellowiana leaves samples were weighed accurately, and then put into the sample cell. The liquefied CO 2 was transferred to the extraction vessel by a high-pressure pump (TESCOM, 26-1762-24) . The CO 2 liquid was then heated until it reached supercritical state. The supercritical CO 2 flow rate was adjusted at 1.00 mL min -1 . The modifier flow rate was kept at 2 g min -1 based on the preliminary experiments. Extractions were carried out at different levels of pressure (150-350 bar), temperature (40-60 °C) and dynamic extraction time (60-120 min). After extraction, the modifier was removed using vacuum rotary evaporator (R-250, Flawil, Switzerland) and flushed by nitrogen (99.9%). Conventional extraction method: Three gram (3 g) of ground F. sellowiana leaves were used in each extraction. Approximately, 150 mL of ethanol (99.5%) was added to the extraction flask. Each extraction was performed in triplicate for 6 hr. After conventional extraction (CE), the solvent was removed at 40 ºC using vacuum rotary evaporator (R-250, Flawil, Switzerland).
Determination of crude extraction yield of bioactive compounds:
The crude extraction yield (CEY) was calculated as mg g -1 using Eq.1:
Where m e is the crude extract mass (g) and m s is the sample mass (g) (21, 22) . DPPH˙ radical scavenging assay: This assay was carried out as described by Zengin et al. (24) . Absorbance measurements performed in a 1 cm quartz cell using a UV-Vis spectrophotometer (Specord 250, AnalytikJena, Germany). The inhibition percent of scavenged DPPH˙(%DPPH sc ) was calculated as 100×(A b -A s )/A b , where A b was the absorbance of the blank and A s was the absorbance of the sample. ABTS˙+ radical scavenging activity assay: The procedure was the same as reported by . Absorbance measurements were performed using a UV-Vis spectrophotometer (Specord 250, AnalytikJena, Germany) at 734 nm. The inhibition percent of scavenged ABTS˙+ (%ABTS˙+ sc ) was calculated as 100×(A b -A s )/A b , where A b was the blank absorbance and A s was the sample absorbance (25) . Hydroxyl radical scavenging activity assay: The procedure was the same as reported by Boulekbache-Makhlouf et al. (2013) with slight modification (26). 1.5 mL of test sample (1 mg mL -1 ) was mixed with 0.02 mL of 30% of H 2 O 2 solution. Absorbance was read at 530 nm at different times (5-60 min) UV-Vis spectrophotometer (Specord 250, AnalytikJena, Germany). The inhibition percent of scavenged hydroxyl radicals (%OH˙s c ) was calculated as 100×(A b -A s )/A b , where A b was the blank absorbance and A s was the sample absorbance. High-performance liquid chromatographic condition: A High-performance liquid chromatography (HPLC) system equipped with a Varian 9012 HPLC pump (CA, USA) and UV-Vis detector were used to identify the phenolic compounds. The volume of sample loop was 20 µL. Data were analyzed using Chromana software (version 3.6.4). The separation was obtained by an Eclipse RP-C18 column (25 cm× 4.6 mm × 5 μm, Supelco, USA) with trifluoroacetic acid (2.5 pH) as solvent A and methanol as solvent B. The bioactive phenolic compounds were detected at 280 nm. Elution flow rate was 1 mL min -1 . Table 1 lists the solvent gradient conditions. The calibration curves were established by plotting the peak areas obtained from the injections against the concentrations. The standard of phenolic compounds were gallic acid (0.05 -380 µg/mL), catechin (0.05 -250 µg/mL), quercetin (0.07 -100 µg/mL), rutin (0.07 -200 µg/mL), apigenin (0.07 -200 µg/mL), and ferulic acid (0.10 -300 µg/mL). Moreover, Figure 1 (A-C), presented the effect of extraction temperature at different pressure levels (150-350 bar) on the CEY of bioactive compounds from F. sellowiana during 120 min dynamic extraction time. Considering Figure 1 (A) , it was clear that at the lower pressure (150 bar) the CEY increased with temperature from 40 to 60°C until 120 min of dynamic extraction time. From Figure 1 (B and C), it was found that application of higher pressure levels (250 and 350 bar) at 50 and 60 °C leads to an increase of CEY with increasing dynamic extraction time up to 90 min, after that significant changes (p>0.05) were not detected. These results revealed the effective role of higher pressure to reduce the required dynamic extraction time. Higher values of CEY were obtained applying higher pressures (250 and 350 bar) during 90 min of dynamic extraction time. The results of CEY of bioactive compounds obtained using 350 bar pressure at the constant temperature was lower than those obtained at 250 bar. In the current study, regarding the effect of extraction temperature, it was found that at the constant level of pressure (for example 250 bar) during 90 min of dynamic extraction time (Figure 1 (b) ), the CEY of bioactive compounds were increased with increasing temperature from 40 °C (28.90 ± 0.11 mg g -1 ) to 50°C (38.14 ± 0.15 mg g -1 ) and there were no significant (p>0.05) difference beyond that. Referring to the results obtained, it was clear that using 350 bar pressure was not satisfactory. It is interesting to know that using a pressure of 350 bar and high temperature (60 ºC), the CEY of bioactive compounds reduced, increasing dynamic time from 90 (34.18 ± 0.16 mg g -1 ) to 120 min (34.03 ± 0.14 mg g -1 ), however, the changes were not significant (p>0.05). The dynamic extraction time has been shown to be another effective independent variable that significantly (p<0.05) affected the SC-CO 2 extraction process. From Figure 1 , it was observed that at 150 bar of pressure the CEY of bioactive compounds was increased until 120 min of dynamic extraction time (22.00 ± 0.11 mg g -1 ) which could be due to the lower solvent power. But at higher pressures (250 and 350 bar) due to the higher extraction rate, the CEY of bioactive compounds was increased until 90 min of dynamic extraction time, and no significant (p> 0.05) increase was observed beyond that. Referring to Figure 1 (B and C) , it was clear that 90 min of dynamic extraction time was adequate to complete the SC-CO 2 extraction process of bioactive compounds from F. sellowiana leaves. Finally, it can be stated that the highest value of CEY of bioactive compounds from F. sellowiana leaves was obtained at 250 bar of pressure, 50 ºC of extraction temperature and 90 min dynamic extraction time (38.14 ± 0.17 mg g -1 ). Table 4 showed the RSA of F. sellowiana leaves extracts obtained under the best conditions of the SC-CO 2 extraction process (250 bar of pressure, 50ºC of extraction temperature and 90 min dynamic extraction time). Furthermore, the RSA of bioactive compounds of F. sellowiana leaves extracts obtained under minimum level (pressure of 150.00 bar, extraction temperature of 40.00°C and 60.00 min dynamic extraction time) and maximum level (pressure of 350.00 bar, extraction temperature of 60.00°C and 120.00 min dynamic extraction time) of each independent variable studied was compared with those obtained under the best level (pressure of 250.00 bar, extraction temperature of 50.00°C and 90.00 min dynamic extraction time). There was significant (p<0.05) difference between the RSA of extracts (regarding DPPH -, ABTS' + , and OH' radical scavenging activity) obtained under different conditions of the SC-CO 2 extraction process. From the results, the highest value of RSA (78.18 ± 0.12, 74.19 ± 0.14 and 49.38 ± 0.18% scavenging of DPPH˙, ABTS˙+ and OH˙ radicals, respectively) can be obtained using the best conditions of the SC-CO 2 extraction technique. It should be noted that using the maximum levels of each independent variable, leads to reduction in the RSA of extracts which could be due to the thermo-degradation and vitality of bioactive phenolic compounds which contributed in the RSA of F. sellowiana leaves extracts. Furthermore, applying the highest level of pressure (350 bar) resulted in reduction of the RSA, which were correlated with the lower CEY of bioactive compounds at the highest pressure. Applying the lower pressure and extraction temperature during the shorter dynamic extraction times, resulted in the lower RSA of extracts (33.11 ± 0.11, 29.46 ± 0.16 and 18.88 ± 0.17% scavenging of DPPH˙, ABTS˙+ and OH˙ radicals, respectively) which could be due to the lower extraction rate and recovery of valuable bioactive compounds from F. sellowiana leaves. 
Characterization of the RSA of extracts:
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The contents of major bioactive phenolic compounds of F. sellowiana leaves extracts obtained under the best conditions of the SC-CO 2 extraction process (pressure of 250.00 bar, extraction temperature of 50.00 °C and 90.00 min dynamic extraction time) are given in Table 5 . As presented in Figure 2 , the main phenolic compound was gallic acid, which reached the maximum value of 133.25 ± 0.15 mg g -1 in the extract obtained under the best conditions followed with ferulic acid, catechin, quercetin, apigenin, and rutin. As given in Table 5 , the contents of bioactive phenolic compounds obtained under the minimum level (pressure of 150.00 bar, extraction temperature of 40.00°C and 60.00 min dynamic extraction time) and maximum level (pressure of 350.00 bar, extraction temperature of 60.00 °C and 120.00 min dynamic extraction time) of each independent variable studied was compared with those obtained under the best conditions. The results showed the highest value of bioactive phenolic compounds that could be obtained under the best conditions of the SC-CO 2 extraction process. It was clear that with applying the highest levels of each variable studied; the bioactive phenolic compounds were decreased compared with those obtained under the best conditions of the SC-CO 2 extraction process. This phenomenon could be due to the thermo-sensitivity of bioactive phenolic compounds and the negative effect of the higher pressure for extraction purpose of bioactive compounds. Furthermore, these findings are consistent with the results of RSA obtained in the current study. Conventional extraction versus the SCE technique for extraction of bioactive compounds from F. sellowiana leaves Different valuable compounds are widely distributed in plants and according to the current study, F. sellowiana leave is a natural source of valuable bioactive compounds. In the current study, the CEY of bioactive compounds obtained using CE method was 54.48 ± 0.38 mg g -1 . From the results, it was clear that the best conditions of the SC-CO 2 extraction process produced fewer amounts of crude extracts with higher quality regarding radical scavenging activity compared with ethanolic CE ( Table 3 ). As given in Table 5 , the extract obtained under the best conditions of the SC-CO 2 extraction is rich in bioactive phenolic compounds compared with that obtained using CE. Gallic acid and ferulic acid in low concentrations were detected in extracts obtained using CE. This finding could be due to the thermo-degradation of bioactive phenolic compounds resulted in using high temperature for the long extraction time.
Discussion
The effective role of higher pressure to reduce the required dynamic extraction time has been revealed in this study. It was documented that at higher pressures, the density of supercritical CO 2 increases, leading to a higher solvent power and mass transfer rate of solute (2, 3) . It can be concluded that at 150 bar pressure, the solvent power of supercritical CO 2 density is reduced due to the lower CO 2 density and maximum CEY was obtained during longer dynamic extraction time (120 min). Considering the scientific evidence, at higher pressures, solvent power of CO 2 increases due to its higher density leading to higher extraction rate of bioactive compounds (27) . Therefore, in the current study, higher values of CEY were obtained applying higher pressures (250 and 350 bar) during 90 min of dynamic extraction time. Similar results were found by Topal et al. (2006) (28) . Moreover, the same behavior was reported by Liu et al. (2009) in SCE of pomegranate (Punica granatum L.) seeds (29) . It was revealed that an elevation of pressure (up to around 320 bar) caused significant increase of crude yield extract. They mentioned that it could be due to the improvement of solute solubility resulted from the increased solvent density. There was an unexpected result regarding the effect of pressure on bioactive compounds extraction since reduced value of CEY was obtained applying the highest level of pressure studied. One possible explanation for the low efficiency of SCE process at high pressure is the compressing of cell structures at higher pressure (30) . Luengthanaphol et al. (2004) obtained the same behavior regarding the effect of high pressure on bioactive compounds extraction from tamarind seeds. They stated that increasing pressure might compress the tamarind seeds coat and cause reduction in the ability for the supercritical fluid to diffuse inside the seed particles (31, 32) . In the current study, a dual effect of temperature on bioactive compounds extraction from Feijoa leaves was observed. In another study which conducted by Biamkr et al. (2012) the same results were obtained about the effect of extraction temperature on supercritical carbon dioxide extraction of bioactive flavonoid compounds from spearmint (Mentha spicata L.) leaves (22) . Reduction of CEY of bioactive compounds applying the highest levels of pressure and temperature could be due to the volatility and sensitivity of bioactive extracted compound to high pressure or more likely due to thermo-sensitivity of valuable bioactive compounds presented in the extracts which are degraded using high temperature in a long time (1) . These findings revealed that the SC-CO 2 extraction is a potential and effective novel extraction method to obtain extracts concentrated in valuable bioactive compounds with strong radical scavenging activity. These findings are in accordance with Bimakr et al. (2016) .
Conclusion
This study showed the potential application of the SC-CO 2 extraction process as an effective extraction method for the isolation of valuable bioactive compounds from F. sellowiana leaves. It was illustrated that it might be possible to concentrate the valuable bioactive compounds by manipulating SCE extraction condition. Based on the results obtained, pressure, temperature and dynamic extraction time had significant (p<0.05) effects on the CEY of bioactive compounds. The highest value of CEY of bioactive compounds and radical scavenging activity of extracts were determined in those obtained under the best SC-CO 2 extraction conditions (250 bar of pressure, 50 °C of temperature and 90 min dynamic extraction time). According to the results of HPLC analysis, F. sellowiana leaves are the potential source of valuable phenolics such as gallic acid, ferulic acid, catechin, apigenin, quercetin, and rutin. Considering the comparison results between the SC-CO 2 extraction and CE method, it was observed that the quality of the SC-CO 2 extracts was significantly (p<0.05) improved compared to those obtained using the conventional extraction. The extraction time using the best conditions of the SC-CO 2 extraction, significantly (p<0.05) reduced to 90 min as compared with the 6 h in CE. In the current study, it was demonstrated that F. sellowiana leaves which are considered as agricultural waste, are rich source of bioactive phenolic compounds with high radical scavenging activity. These compounds could be consumed in food and pharmacy industries to replace harmful synthetic antioxidants. Finally, SCE process can be suggested as an effective and promising novel extraction technique to obtain bioactive compounds in good yield with strong RSA from F. sellowiana leaves.
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